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ABSTRACT 
 
 
A gas sensor is a device used to warn us of dangerous gases Gas sensors based on metal 
oxides semiconductors are important devices in modern technologies. Gas sensors play 
critical roles in many fields such as industrial production, environmental pollution, and 
traffic safety. Cupric oxide (CuO) thin films were prepared on a glass and FTO 
substrates by thermal CVD method. The substrate, deposition temperature, oxygen flow 
rate, and substrate were varying during deposition. The morphological, optical and 
electrical properties of CuO films were characterized by FE-SEM, atomic force 
microscopy (AFM), ultra-violet visible spectrophotometer, respectively, two point probe 
techniques and Keithley system. The FE-SEM result showed that spherical and uniform 
shaped were obtained on a glass substrate while the porous structure was obtained on 
FTO. AFM showed well organized morphology with the highest root mean square 
surface roughness for CuO thin films on glass and FTO substrates were 23 and 27nm, 
respectively. The optical direct band gap energy of the CuO film grown on glass and 
FTO substrate were in the range 1.8-1.86eV. The current-voltage characteristic has been 
formed with the threshold voltage (Vth) of 2V and breakdown voltage (VB) of -5V. The 
highest value of resistance was obtained which is 6.99x10
6 Ω when the CuO sensing 
element is contacted with to ethanol liquid. This work has successfully demonstrated the 
formation of optimized copper oxide thin films and for ethanol sensing application. 
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ABSTRAK 
 
 
Subuah sensor gas adalah alat untuk memberi amaran kepada kita jika mempunyai gas 
berbahaya. Sensor gas berdasarkan logam oksida semikonduktor adalah alat yang 
penting dalam teknologi moden. Sensor gas memainkan peranan penting dalam pelbagai 
bidang seperti sektor perindustrian, pencemaran alam sekitar, dan keselamatan lalu lintas. 
Filem nipis kuprik oksida (CuO) telah disediakan pada substrat kaca dan FTO dengan 
thermal CVD. Substrat, suhu substrat dan kadar aliran oksigen menjadi pemboleh ubah 
dalam setiap eksperimen. Struktur sifat optik dan elektrik filem CuO dicirikan masing-
masing oleh FE-SEM, mikroskopi daya atom (AFM), spektrofotometer ultra-ungu 
tampak, teknik dua titik penduga dan Keithley 4200 sistem. Hasil FE-SEM 
menunjukkan bahawa berbentuk sfera dan seragam diperolehi pada substrat kaca 
manakala struktur poros telah diperolehi pada FTO.  AFM menunjukkan morfologi 
terancang dengan punca min kuasa dua yang tertinggi kekasaran permukaan bagi CuO 
filem nipis atas kaca dan FTO masing-masing sebanyak 23 dan 27 nm. Tenaga jalur 
optik filem CuO, yang dikira daripada pengukuran transmisi optik atas kaca dan FTO 
masing-masing adalah antara 1.8 dan1.86eV. Ciri arus voltan telah dibentuk dengan 
voltan ambang (Vth) ialah 2V dan voltan breakbown (VB) ialah -5V. Nilai tertinggi 
resistace telah diperolehi yang 6.99x10
6 Ω apabila CuO penderiaan elemen adalah 
hubungan dengan untuk etanol. Kerja-kerja ini telah berjaya menunjukkan pembentukan 
dioptimumkan filem nipis tembaga oksida dan untuk etanol  sensing aplikasi. 
 
 
 
vii 
 
 CONTENTS 
 
 
CHAPTER                  TITLE                                                                                 PAGE 
 
 
 PROJECT TITLE   i 
 DECLARATION  ii 
 DEDICATION  iii 
 ACKNOWLEDGEMENT  iv 
 ABSTRACT  v 
 CONTENTS  vii 
 LIST OF TABLES  x 
 LIST OF FIGURES  xi 
 
 
1     INTRODUCTION 
 
1.1 Introduction      1 
1.2  Problem Statement     3 
1.3 Aims and Objectives     4 
1.4  Scope of Project     4 
1.5 Thesis Outline      5 
 
 
2     LITERATURE REVIEW 
 
 2.1 Introduction      6 
 2.2 Thin Films      6 
 2.3 Background of study     7 
 2.4 Cupric Oxide Thin Films    12
viii 
 
  2.4.1 Chemical and Physical proprieties of  13 
   cupric oxide (CuO) 
  2.4.2 Crystal structure of cupric oxide  13 
 2.5 Structural Properties     14 
 2.6  Films Morphology     17 
 2.7 Overview of Deposition Technique (CVD)  20 
  2.7.1  CVD Reaction during Film Growth  20 
  2.7.2 Advantages of CVD technique  21 
 2.8 Gas Sensing Technology    22 
 2.9 Performance of Gas Sensor    23 
 
 
3     METHODOLOGY 
 
 
3.1 Introduction      25 
3.2 Configuration CVD set up    28 
3.3 Fabrication of CVD set up    29 
     3.4 Experimental Procedure    30 
  3.4.1 Substrate preparation    30 
  3.4.2 Copper Powder Preparation   31 
  3.4.3 Gold sputtering    32 
  3.4.4 Deposition     32 
 3.5 Annealing      35 
 3.6 Summary of optimized parameters to deposit  35 
  CuO thin film by CVD 
 3.7 Film Characterization     36 
 3.8 Fabrication of Ethanol sensor    39 
 3.9 Ethanol sensor testing     41 
 
 
 
 
 
ix 
 
4     RESULTS AND ANALYSIS 
 
 
4.1 Introduction      44 
4.2 Effect of deposition temperature   45 
4.2.1 Morphological properties of deposited  45 
   copper oxide thin film 
  4.2.2 Topography of deposited copper   47 
   oxide thin film 
  4.2.3 Optical properties    49 
4.3 Effect of oxygen flow rate    50 
 4.3.1 Morphological properties of deposited  50 
    copper oxide thin film 
  4.3.2 Topography of deposited copper   52 
   oxide thin film 
  4.3.3 Optical properties    53 
4.4 Effect of substrate     54 
 4.4.1 Morphological properties of deposited  54 
    copper oxide thin film 
  4.4.2 Topography of deposited copper   56 
   oxide thin film 
  4.4.3 Optical properties    57 
4.5 Ethanol sensor      58 
 
 
5     CONCLUSION AND RECOMMENDATION   
 
 
 5.1 Strength and significance of this work  64 
 5.2 Future work      65 
                               
       REFERENCES      66 
 
x 
 
LIST OF TABLES 
 
 
TABLE NO.   TITLE      PAGE 
 
2.1  Chemical and Physical Properties of CuO  13 
2.2    Crystallographic properties of CuO   14 
2.3    Structural properties of CuO thin film   16 
deposited by different method   
       
2.4    Structural properties of CuO thin film   17 
deposited by CVD method 
 
2.5    Comparison between varies of deposition   22 
technique to deposit copper oxide 
 
2.6    Classification of Solid-state gas sensors  23 
 
4.1    Optical properties of the copper oxide thin film  50 
         deposited at different temperature 
 
4.2    Optical properties of the copper oxide thin film  54 
     deposited at different oxygen flow rate 
 
4.3    Optical properties of the copper oxide thin film 58 
deposited at different substrate 
 
4.4    Summary electrical properties on different sample 61 
 
4.5    The resistance calculated based on the I-V  62 
characteristic curve 
 
xi 
 
 LIST OF FIGURES 
 
 
FIGURE NO.   TITLE      PAGE 
 
 
2.1   Monoclinic Structure of CuO     14 
2.2   SEM image of CuO deposited by various method  18 
2.3   SEM of thin coper oxide films deposited by FACVD 19 
2.4    AFM of thin coper oxide films deposited by FACVD 19 
2.5   The chemical reaction takes place inside the reaction  21 
chamber during CVD process   
3.1   Flowchart of Project      25 
3.2   Schematic Diagram of CVD Set Up    29 
3.3   Overview of Substrate Preparation    30 
3.4   Copper Powder Preparation     31 
3.5   Before and after of gold sputtering    32 
3.6   Diagram of CuO Growth Process in Thermal CVD Furnace 33 
3.7   The placement of precursor boat, substrate, carrier  gas  34 
inlet of chamber 
 
xii 
 
3.8   The sample after annealing at 500⁰C in 2 hours  35 
 
3.9   Schematic Diagram of AFM     37 
3.10   General Component and Function in AFM   37 
3.11   Illustration of X-Ray Diffraction from Atomic Planes  38 
based on Bragg’s Law 
 
3.12   Gas sensor schematic diagram    39 
 
3.13   Masking of electrode      39 
3.14   Schematic diagram of the thermal evaporator used in  40 
aluminium  deposition 
 
3.15   An overview of thermal evaporator    40 
 
3.16   Experimental set up for two point probes   41 
 
3.17   The experimental setup for the gas sensor testing   41 
 
3.18   Ethanol was used during experiment    42 
 
3.19   The typical of I-V characteristic graph   43 
 
4.1   FESEM image of the copper oxide thin film deposited  46 
at different temperature 
 
4.2   AFM image of the copper oxide thin film deposited  48 
 at different temperature 
 
4.3    Bandgap of CuO thin films at various temperatures  49 
 
4.4   FESEM images of CuO thin films prepared different  51 
oxygen flow rate 
 
4.5  AFM image of the copper oxide thin film deposited   53 
at different oxygen flow rate 
 
4.6   Bandgap of CuO thin films at different oxygen flow rate   54 
xiii 
 
 
4.7   FESEM images of CuO thin films prepared with with  55 
different substrate 
 
4.8 AFM image of the copper oxide thin film deposited   57 
at different oxygen flow rate  
4.9   Bandgap of CuO thin films at different substrate  58 
4.10   The experiment set up for ethanol testing   58 
4.11   Current voltage (I-V) characteristics of copper oxide films 60 
 
 
 
  
 
 
 
 
 
  
CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
The sensor can be defined as a device which is possible to detect measure and quantify a 
change in gas by altering its physical properties such as electrical conductivity, dielectric 
properties, and mass. There are numerous applications of gas sensors such as smoke 
detector, toxic gas alarms, environmental air quality monitoring, and air conditioning in 
an airplane. Joseph R. Shetter et al. concluded that sensors are relevant to all aspects of 
life including security, awareness, surveillance, safety, monitoring as well as medical 
and industrials applications [1][2]. Thus, gas sensing has received considerable attention 
in both academia and industry in order to further advance the gas sensor technology and 
thus improve the quality of life. 
There are a big variety of sensors of different sensing principles such as 
semiconductor sensors, catalytic sensors, electrochemical sensors and thermal 
conductivity sensors [3]. Of the many, semiconducting metal oxide sensors have been 
the extensively studied by researchers. 
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Semiconducting metal oxide (SMO) also known as chemiresistive gas sensors 
which based on metal oxides such as SnO2, TiO2, Al2O3, CuO, Fe2O3, WO3, and V2O5 
[4]. Chemiresistors are the simplest of the chemical sensor technologies which have 
advantages such as low cost, ease to fabricate, and compact size and can detect varies 
types of gasses. 
  It has been found that the surface properties and potential will influence by the 
atom or molecule when atom and molecule interact with semiconducting metal oxide 
surface. These sensors will undergo oxidation and reduction and consequently cause 
changing in the sensor’s resistance. Thus, the sensor will produce a signal in the form of 
changing of resistance [5]. In other words, the detection principle is when the surface 
interacts with the analyzing gas, a change in conductivity of a semiconductor is 
measured [4]. 
For more than three decades, gas sensor based on metal oxide semiconductor has 
been investigated and primary focusing on SnO2. Recently, there is more research has 
been carried out on others promising metal oxide due to their interesting properties. 
Among various materials for gas sensor, copper oxide (CuO) is very interesting material. 
Copper oxide exists in two phases, which is cupric oxide or copper (II) oxide (CuO); and 
cuprous oxide (Cu2O) [6]. In addition, CuO is inexpensive material, nontoxic nature, and 
have a good electrically properties. Previously, in the preparation of CuO thin film for 
gas sensor application, there are varies of technique such as sol-gel method, chemical 
vapor deposition, reactive DC sputtering, RF magnetron sputtering, electro deposition, 
thermal oxidation, process spray pyrolysis have been used by researchers[6]. To date, 
CuO thin film can be used to detect reducing gases such as NO2, CO2, O2, CO, H2S, 
ethanol and methanol. In recent years, researchers have become increasingly interested 
in tuning the characteristic of transition metal oxides in order to obtain enhancing the 
performances of materials for application purpose [7].  
Generally, CuO is p-type semiconducting material due to the majority carrier is 
holes [8]. The disadvantages of p-type oxides the mobility of theirs charge carrier which 
affects the performance of the gas sensor in terms of sensitivity, time of response and 
recovery. According to G. Korotcenkov, CuO is being n-type semiconducting nature. 
But the respond of CuO is different compared to the oxide in n-type in nature such as 
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ZnO, WO3, and SnO2. A. Chowdhuri et al. were found that CuO can be used to enhance 
the gas sensor response of n-type oxides such as ZnO, WO3, and SnO2. 
The aim of this project is to study the sensing behavior of copper oxide. 
Therefore, optimization of (1) deposition temperature ranging 600⁰C, 700⁰C and 800⁰C, 
(2) oxygen flow rate 0.6lmin
-1
 and 0.8 lmin
-1
, and (3) type of substrate are needed in 
order to fabricate a high quality of a film by chemical vapor deposition technique. The 
samples will be characterized by FESEM, AFM, UV-Vis, and two point probes to 
investigate the physical properties of film. An attempt has been carried out to test the 
suitability of CuO thin film for ethanol sensor application. 
 
 
1.2  Problem statement 
 
 
Nowadays, there are many n-type metal oxides such as WO3, ZnO, SnO2 were used for 
gas sensor and improving gas sensor performance has been presented. But, research on 
p-type CuO ethanol sensor and sensing behavior of p-type materials is still unclear and 
very limited[9] . Recently, CuO is used to enhance the gas sensor response of common 
metal oxides such as SnO2, ZnO. The suitability of CuO as homogeneous sensing 
material is one of the ongoing research problem [8]. 
 It is well known that technique and deposition conditions largely influence the 
thin films physical properties[10]. The deposition parameters effect has been widely 
studied and optimized in order to produce CuO thin films with suitable properties for the 
ethanol sensor application. Therefore, it can be achieved by varying the film 
morphology, electrode configuration and using a suitable catalyst. 
To the best of our knowledge, the studies that concern the effect of temperature, 
oxygen flow rate, type of substrate on the physical properties of copper oxide films 
deposited by thermal CVD remain very few. Thus, this work serves primarily as a 
support for future works. The main purpose of this work is to fabricate copper oxide 
films by thermal CVD and investigate the feasibility for ethanol sensor application. 
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1.3  Aim and objectives 
 
 
The aim of this research is to fabricate and characterize CuO thin film using thermal 
(CVD). This research comprises of several objectives include:  
 
i. To fabricate and characterize CuO thin film by thermal CVD  
ii. To investigate morphological , optical, and electrical properties of CuO films  
iii. To prove the role CuO in ethanol sensing application 
 
 
1.4  Scopes of Project 
 
 
The main scope of this project is to fabricate CuO properties for ethanol sensing 
application. The scopes include: 
 
i. Investigate the CuO properties of the copper oxide thin film at varies conditions 
 Deposition temperature ranging 600⁰C, 700⁰C and 800⁰C 
 Oxygen flow rate 0.6 lmin-1 and 0.8 lmin-1 
 Glass and FTO substrate  
 
ii. Characterize the morphological, optical, and electrical properties of copper oxide 
thin film at varies temperature, oxygen flow rate, and type of substrate by using 
two point probe, a surface profiler, AFM, and FESEM. 
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1.5 Thesis Outline  
 
 
This thesis presents details of the work that is carried out and the fabricating ethanol 
sensor based metal oxide semiconductor (CuO) to meet the demand and monitoring 
ethanol levels for controlling and safety application. Based on the objectives, this thesis 
consists of five chapters, which are organized as follows: 
In chapter 2, a review on the cupric oxide (CuO) thin film, film deposition and 
characterization is discussed. The thermal CVD theory and processes are focused and 
presented which is used in the present work. The theory of equipment and physical 
properties of film also presented. 
In chapter 3, the experimental set-up and preparation of CuO thin film are 
presented. In order to deposit CuO thin films a hot wall reactor is used. The ethanol 
sensor fabrication and testing also presented in this chapter. 
 In chapter 4, outcomes of the experiments are presented. There is a discussion 
about the outcomes through characterization the film by surface properties, electrical 
properties and optical properties. The effect of temperature, oxygen flow rate, type of 
substrate and ethanol sensor on different properties is discussed. 
 In chapter 5, the thesis will end with the conclusion and recommendation based 
on the outcomes of present work. Also, future work is presented. 
 
 
 
 
 
 
 
  
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction  
 
 
The goal of this project is to detect ethanol by fabricating copper oxide thin film as a 
sensor. Thus, a review of various work related to the cupric oxide (CuO) thin film, film 
deposition and characterization is discussed. The theory of sensor application and a brief 
explanation on sensing technology for ethanol detection also presented. 
 
 
2.2 Thin Films  
 
 
Nowadays, thin films can be prepared as semiconductors, resistors, conductors, and 
insulator and widely used in many industrial applications [11]. In addition, thin films 
have become an important area in fields of microelectronics for electronic materials such 
as thin film batteries, solar cell, and gas sensor application. Besides that, thin films also 
widely used optical coatings such as antireflective and UV protective coatings. 
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2.3  Background of Study 
 
 
In early 1950’s, the gas adsorption onto the semiconductor surface produce a variation 
of the surface electrical conductance of the material was discovered by Brattein et al [5]. 
From the time onwards, a great amount of research was carried out in order to 
commercialize the semiconducting device. Seiyama et al. proposed a semiconducting 
device as gas sensor based on the principle in 1960’s. With a tremendous amount of 
studies and effort by Taguchi, he found that SnO2 as the sensing element and developed 
a commercial product as Taguchi sensor [12]. Up to now, there are many 
semiconducting devices for a variety of applications. Recent years, many researchers 
interest in chemical sensitivity of material surface in order to develop new applications. 
Currently, there are some commercial devices based on a basic understanding of the 
variation electrical resistance of materials in order to a wide range of gasses. 
S. Capone et al., (2003), [13] presented on overview of the principles and the 
technologies especially focused in main solid-state gas sensors. These devices work by 
measuring a physical property changed such as electrical conductance, mass, optical 
parameter, heat and temperature by adsorption or desorption processes and chemical 
reactions on the surface of a sensing element. They concluded that nanocrystalline metal 
oxides will play a key in the development of semiconducting gas sensors with improved 
gas-sensing properties in future. 
 S. Kose et al. (2008), [14] investigated the effect of substrate temperature (200⁰C, 
250⁰C, 300⁰C, 350⁰C) on structural, surface, optical, and electrical properties. The CuO 
film is deposited by ultrasonic spray pyrolysis technique and also investigated the 
feasibility of the films on absorbing layer of solar cell device. They observed that the 
thickness (µm) decreases with increasing substrate temperature. The evaporation of 
atomized particle just before reach to the substrate resulted in an increase of thickness. 
The authors mentioned that surface propertied directly affect the electrical and optical 
properties. It was observed that the surface homogeneity improves with increasing 
substrate temperature. For optical properties, the data were obtained showed that highest 
substrate temperature (350⁰C) had a sharp decrease in transmission value and smallest 
bandgap value. The authors were alleged that the influence of substrate temperature on 
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transmission of the copper oxide films may be attributed to the thickness, surface 
smoothness, defect density, and structural properties of films. The conductivity was 
increased with the substrate temperature. It can be deduced that the conductivity 
increased due to the well structural and surface properties of films. 
D.Barreca et al. (2009), [15]  presented the fabrication of Cu2O and CuO films 
by chemical vapor deposition (CVD) for gas sensor application.  They reported a change 
in structural and morphological from Cu2O granular films with the polycrystalline 
structure to CuO with entangled quasi 1-D morphology by changing the growth 
temperature from 350⁰C to 550⁰C. Cu(hfa)2 and Al2O3 were used as source material and 
substrate respectively. For gas sensing measurements, they found that the detection of 
acetone and ethanol showed significant response even though at a low working 
temperature (200⁰C). They also reported that sensitivity values of CuO with quasi 1-D 
morphology to detect ethanol were the highest as compared to previously reported due to 
the perculiar system nano-organization and stable responses. The authors are very 
encouraged the present sensor for technological applications. 
Wang et al. (2010), [16] have reviewed on the metal oxide gas sensors and 
focused on the sensitivity and influencing factors of the gas sensors. In brief review of 
the authors, they have written that gas sensing process is strongly related to the surface 
relations and sensitivity is one of the important parameters of metal oxide based gas 
sensor. They concluded that high surface areas can provide large reaction contact area 
between gas sensing materials and target gases. Furthermore, porous structure with high 
surface areas seems to be the standard structure of metal oxide gas sensor layers. The 
structure with small grains with voids showed is useful to enhance the sensitivity.   
Nguyen Duc Hoa et al. (2010), [17] had synthesis p-type semiconducting cupric 
oxide thin films and utilize as a hydrogen sensor. The film is deposited on Cu metal 
layer on SiO2 and followed by thermal oxidation process. The oxidation temperature 
range 300⁰C to 400⁰C is investigated. For sensing mechanism, the influence of carrier 
gas (nitrogen and dry air) was studied. They reported that the CuO thin film oxidized at 
400⁰C and operating temperature at 250⁰C upon exposure to 6% of hydrogen showed 
the highest response. The sensor response of 6% hydrogen concentrations and at 
operating of 250⁰C showed the highest response (3.72). The sensor response to 
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hydrogen with dry air showed a good response and recovery behavior. But, the authors 
claimed that there had an interesting result when nitrogen carrier gas was used. When 
first exposure to hydrogen gas, the sensor resistance increased abruptly and then 
decreased in the following 5 minutes. The sensor is no response when second exposure 
to hydrogen. They concluded that oxygen adsorbed on the surface of sensor plays a key 
role in the hydrogen sensing of CuO films. 
Dattarya Jundale et al. (2011), [18] have been synthesized the nanocrystalline 
CuO thin film prepared by spin coating technique for H2S monitoring application. These 
films were deposited on a glass substrate and copper acetate aqueous solution as a 
precursor. The parameter studied is an annealing temperature between 300⁰C to 700⁰C. 
For structural properties, the film crystallinity is improved as annealing temperature 
above 400⁰C. The crystallite size is increased and it was around 40-50nm which could 
reveal as a good nanocrytalline structure. The grain size also increased according to 
XRD results. The morphological features of the films annealed at 700⁰C showed most 
uniform and larger particles. The authors also studied the optical properties. They 
reported that increasing annealing temperature, the bandgap is decreased from 1.64eV to 
1.46eV and resulted in the film quality is improved due to structural defects is decreased. 
The bandgap is 1.64 eV at low annealing temperature (300⁰C) and 1.46 eV at high 
annealing temperature (700⁰C). They proved that CuO films showed high sensitivity to 
detect 100 ppm of H2S gas at 200⁰C operating temperature and the maximum response 
to H2S gas is 25.2% as compared to other gases. 
Mitesh and Rajanna (2011), [8] studied the static sensor response towards 
methanol and ethanol by operating temperature and analyze concentration modulations. 
The copper (II) oxide film is deposited by reactive DC sputtering technique.  350⁰C and 
400⁰C are the optimum temperature for the sensing of methanol and ethanol. They 
observed that maximum sensitivity is 29% and 15.4% for 2500 ppm methanol and 
ethanol respectively. An important data were obtained is that the sensitivity reduces with 
analyte concentration while the recovery time increases.235s and 247s are the response 
time for 2500 ppm of methanol and ethanol respectively. 
Iqbal Singha et al. (2011), [19] studied on the correlation among the structural, 
electrical and gas response properties of aerosol spray deposited self-assembled 
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nanocrystalline CuO. The CuO film has been deposited on a glass substrate with 
temperature in the range of 300–400 ⁰C by ultrasonic spray pyrolysis. They suggested 
that the formation of CuO phase on the substrate at a temperature of 300 ⁰C. Besides 
that, aqueous cupric nitrate as a precursor is used in this experiment will result in the 
deposition of single phase copper oxide films. 
T. Serin et al. (2011), [20] they interpret the importance of electrical parameters 
such as of CuO, for its gas sensor applications. The experiment is started with preparing 
a solution which dissolved copper acetate [Cu(CH3COO)2H2O] in ethanol. The CuO 
films were deposited by dip coating technique on a glass substrate. They concluded that 
the electrical conductivity of the film was controlled by potential barriers which caused 
by depletion of carriers at grain boundaries. 
V A Gevorkyan et al., (2012), [21] they have conducted an experiment on the 
characterization of Cu2O thin films prepared by evaporation of CuO powder.  They 
fabricated Cu2O thin film by thermal evaporation of small amount of copper powder. 
The temperature of the substrate was 700⁰C. The base pressure in vacuum chamber 
is1.5x10
-5
 mm Hg will change to partial pressure oxygen 10
-4 
mm Hg during evaporation. 
The substrate was cooled to room temperature in 1 hour with the pressure of chamber 
which is 6x10
-6
 mm Hg. They reported that the films deposited on the 700⁰C substrate 
consist only of Cu2O phase at deposition velocity less than 5 nm/min. 
D. Gopalakrishna et al., (2013), [10] investigated the effect of annealing on the 
properties of nanostructured CuO thin films for enhanced ethanol sensitivity. They 
fabricated the CuO thin films on a glass substrate by spray pyrolysis with different molar 
concentration and temperature at 350⁰C and thus annealing at 400⁰C for 2 hours. They 
observed that the surfaces of the film reveal the peanut shape grains after annealing. 
They concluded that the conductivity, carrier concentration, and mobility after annealing 
is increased based on Hall Effect studies. It was found that positive values of RH form 
Hall Effect measurement and thus could be confirmed as p type conductivity of films. 
They also revealed that grain size is increased after annealing which confirmed by the 
increase in roughness of film. Annealed CuO thin film showed a better sensor response 
than didn’t anneal CuO film. Hence, sensing performance of CuO will strongly affect by 
an annealing process.  
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C.Ravi Dhas et al. (2014), [22] explored the properties of CuO thin films for 
alcohol sensor application. Spray pyrolysis technique was used to fabricate the thin films 
on a glass substrate with the molar concentration (0.1M, 0.2M, and 0.3M) as a parameter. 
They found that increasing the molar concentration of precursor, value of dislocation 
densities and microstrain were decreased. For SEM analysis, the film prepared at 
concentration 0.1M showed needle like appearance while porous structure was obtained 
for the film prepared at 0.2M and 0.3M concentration. The authors stress that increase in 
a number of pores due to an increase of molar concentration and grain size. Therefore, 
the highest number pores, conductivity and lowest activation energy in 0.3M of the film 
can be contributed to highest gas sensing property for 100 and 200 ppm of ethanol. 
Artur Rydosz et al. (2015), [23] studied on various of dopants such as Cr, Si, Sb, 
Au in CuO films for gas sensor application. They have fabricated the film on ceramics 
substrates by using magnetron sputtering techniques with low temperature. The gas 
sensing properties can be improved by adding the dopants in CuO films to forming and 
stabilizing smaller grain size. To measure the performance of the gas sensor, deposition 
parameters should be constant since dopant concentrations are varying. They found that 
sensor response of dopant Cr in CuO films as gas sensor had the highest sensor response 
at an operation temperature of 250⁰C. The response time is 10s and recovery time is 24s.  
The dopants can act as a catalyst and consequently improve gas sensor properties. 
Chetoui Abdelmounaim et al. (2016), [24] is focused on synthesized the 
nanostructured copper oxide films with porous structure by altering the molar 
concentration in range 0.05M to 0.3M. In the case of porous structure, the higher 
number of pores, the more accessible to gaseous species that can make CuO structure is 
suitable for gas sensing. They observed that 0.05M of concentration leads to the porous 
structure as compared to others concentration. These pores on the sample of 0.05M 
showed the highest transparency in visible and near infrared region. For gas sensing 
measurement, they concluded that the sample with porous structure is the most sensitive 
to detect carbon dioxide. 
A.S. Kornyushchenko et al. (2016), [25] have been investigated the formation of 
copper porous structures under near-equilibrium conditions by a chemical vapor 
deposition technique. Copper chloride CuCI2 as precursor due to the amount of copper of 
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this compound is less in order obtain weak copper deposition rate in this experiment. 
Silicon wafer with (111) orientation is chosen as a substrate. By using near equilibrium 
conditions, there is possible to form a different porous structure which based on normal 
crystal growth, the growth of whiskers, nucleation, and incomplete intergrowth of 
copper atoms. Due to the incomplete crystal growth, the round shaped crystal porous 
structure is formed at near equilibrium conditions  
 
 
2.4 Cupric Oxide Thin Films  
 
 
Copper exists in two oxidation states which are +1 and +2. The stable form of copper 
oxide form namely cuprous oxide (Cu2O) and cupric oxide (CuO). The physical 
properties are different from each other. CuO has a monoclinic crystal structure and 
black colour. The bandgap is the range of 1.2eV-1.9 eV. But, Cu2O has a cubic structure. 
The bandgap is in the range of 2.0eV-2.2 eV and brownish-red colour [26]. Copper 
oxide is semiconductors that have a natural abundance of starting materials (Cu), non-
toxic, leave non-zero emission  at point of use and easily obtained by oxidation of Cu. 
Copper oxide has p-type characteristics due to hole carrier in the structure. Due to all 
these attractive properties, Cu2O can be utilized in many application such as Li-on 
batteries, magnetic storage, solar cell, and gas sensor [27] . 
Besides that, R. Landerset al., are reported that CuO thin film can be used as 
electrodes for micro batteries application [28].  In recent years, a great deal of effort has 
been put in gas sensor application to detect hydrogen (H2), carbon dioxide (CO2), carbon 
monoxide (CO) and nitrogen oxide (NO2). In this work, properties of CuO are the main 
concern in order to investigate the performance of gas sensing.  
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2.4.1 Chemical and Physical proprieties of cupric oxide (CuO) 
 
 
The two well-known copper oxides are called Cu2O (cuprite) and CuO (tenorite) in 
mineral form. The pure cupric oxide is black solid and melting point is above 1134 °C. 
 
Table 2.1: Chemical and Physical Properties of CuO [29]  
 
Cupric oxide (CuO) 
Chemical names 
 
Copper (II) oxide 
Cupric oxide 
Copper monoxide 
Copper oxide (CuO) 
Oxocopper 
 
Molecular Formula 
CuO 
 
Appearance 
 
Black powder 
 
Solubility in water 
 
Insoluble 
 
Molecular Mass 
 
79.55 g/mol 
 
Density 
 
ρ = 6.32 g/cm3 
 
Melting point 
 
1134°C 
 
Boiling point 
 
2000 °C 
 
 
 
2.4.2 Crystal structure of cupric oxide (CuO) 
 
 
A unit cell of CuO consists of Cu2+ ions which are coordinated by four O2- ions. 
Monoclinic crystal structure of cupric oxide (CuO) is shown in figure 2.1. Ahmed 
Eltahir Elsharif Zainelabdin had been reported that as the size of material approaching 
nanodomain resulted in ionicity of the Cu-O bonds increases. With this property, CuO 
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nanomaterial selected as a promising material in gas sensing and catalyst for degradation 
of hazardous chemicals [30]. The monoclinic structure and crystallographic properties 
are shown in figure 2.1 and table 2.2 respectively. 
 
Figure 2.1: Monoclinic Structure of CuO [29] 
 
 
Table 2.2: Crystallographic properties of CuO [29] 
 
 
Crystallographic properties of CuO 
Unit cell 
 
a = 4.6837 Å 
b = 3.4226 Å 
c = 5.1288 Å 
β = 99.548° 
α ,γ = 90° 
 
Cell volume 
81.08 Å3 
 
Cell content 
4 [CuO] 
 
Distances 
Cu-O 
Cu-Cu 
O-O 
 
 
1.96Å 
2.62Å 
2.90Å 
 
 
 
2.5 Structural Properties 
 
 
Deposition conditions and method are strongly affecting the thin film growth. Based on 
findings of previous studies, the main parameter must be controlled in order to achieve a 
high quality film is deposition temperature. The effect of deposition temperature, 
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annealing temperature, and substrate temperature on present phase and (hkl) orientation 
of CuO thin films by several of deposition techniques is shown in Table 2.3. 
L.De Los Santos Valladares et al. [31] have deposited CuO thin film by thermal 
oxidation method. For formation of CuO phase, Cu→Cu+ Cu2O→Cu2O→Cu2O+CuO→
CuO are the sequence of oxide phase. They have found that mixture of Cu and Cu2O 
oxide phase have formed when annealing temperature at 150⁰C. The formation of Cu2O 
oxide phase occurs at annealing temperature 200⁰C. The increasing annealing 
temperature from 200⁰C to 300⁰C, the Cu2O oxide phase change to pure CuO oxide 
phase. There is no change of phase as CuO phase is formed.  
The same observation also found by Dattarya Jundale et al.[18], the annealing 
temperature above (300⁰C-700⁰C) is required in order to form pure CuO phase when 
deposited CuO thin film with the spin coating method. Vignesh Saravanan et al.[32]have 
studied the influence of substrate and annealing temperature on structural properties of 
deposited films by spray pyrolysis method. They have found that 350⁰C substrate 
temperature is the optimum temperature among substrate temperature of 250⁰C, 350⁰C, 
and 450⁰C. The increasing of annealing temperature leads to increase in peak intensity 
and crystallite size.  
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Table 2.3: Structural properties of CuO thin film deposited by different method 
 
 
 
Deposition 
method 
 
 
Parameter 
 
Present phase 
 
(hkl) orientation 
 
Reference 
 
 
Thermal 
decomposition 
Temperature 
400⁰C 
500⁰C 
 
CuO 
CuO 
 
(002) (111) 
(002) (111) 
 
[33] 
 
 
Thermal 
oxidation 
Annealing 
Temperature 
150⁰C 
200⁰C 
250⁰C 
275⁰C-1000⁰C 
 
 
Cu,Cu2O 
Cu2O 
Cu2O, CuO 
CuO 
 
 
 
 
(111) (200) 
(111) (200) 
(111) 
(111) 
 
 
 
[31] 
 
 
 
Spray pyrolysis 
Substrate 
temperature 
250⁰C 
350⁰C 
450⁰C 
 
 
 
Cu2O,CuO 
Cu2O,CuO,Cu2O,CuO 
Cu2O,CuO 
 
 
 
 
(111) (200) 
(111) (200) (200) (020) 
(111) (200) 
 
 
 
 
[32] 
 
 
 
Spin coating 
Annealing 
temperature 
300⁰-400⁰C 
500⁰C-700⁰C 
 
 
 
 
CuO 
CuO 
 
 
(002) (111) (112) 
(110) (002) (111) (200) 
(112) (221) (004) (023) 
 
 
 
 
[18] 
 
 
The present phase and (hkl) orientation are obtained from the XRD analysis. The 
deposited CuO thin films by CVD method with several of the parameter is listed in 
Table 2.4. The parameter such as must be controlled in order to obtain desired structural 
properties. 
T. Maruyama [34] has studied the effect of temperature and oxygen partial 
pressure on structural properties. There are two phases which are Cu2O and CuO were 
obtained. At low temperature (300⁰C) and oxygen partial pressure (1.689 x 102Pa), 
Cu2O phase with cubic structure is obtained. However, at high temperature (500⁰C) and 
oxygen partial pressure (5.07x 10
4
Pa) a CuO crystalline with monoclinic structure is 
obtained. At temperature 500⁰C, the crystallinity of film also improved.  
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Table 2.4: Structural properties of CuO thin film deposited by CVD method 
 
 
Deposition 
method 
Parameter Present phase 
 
(hkl) orientation References 
Chemical 
vapor 
deposition  
(CVD) 
Substrate 
Polished silicon 
Rough silicon 
 
Cu, Cu, Si, Cu, 
Cu, Cu, Cu, 
 
 
(111), (200), (400), 
(220), (311), (222) 
[25] 
Temperature and Oxygen 
partial pressure 
300⁰C and 1.689 x 102Pa 
300⁰C and 5.07 x 104Pa 
500⁰C and 5.07x 104Pa 
 
 
Cu2O 
CuO 
CuO 
 
 
(111), (200) 
(111), (002), (202) 
(110), (002), (111), 
(200), (202) 
[34] 
 
 
2.6  Films Morphology 
 
 
The surface morphology of thin film in is an important characteristic that is required for 
film application as gas sensor or solar cell. Generally, the surface morphology can be 
characterized by SEM (Scanning Electronic Microscopy) and AFM (Atomic Force 
Microscopy) observation. The morphology of CuO is depending on deposition method 
and conditions. Figure 2.2 shows the SEM image of CuO deposited by various method 
and conditions.  
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Figure 2.2: SEM image of CuO deposited by a) spray pyrolysis technique [10], b) chemical 
bath deposition (CBD) [35], c) ultrasonic spray pyrolysis [19], d) CVD [25], e) spin coating 
[18],  f) DC magnetron sputtring [8] 
 
For CuO thin films prepared by the CVD, the substrate temperature and flow 
rates are the most important parameter that will affect the morphology of thin film. For 
instance, H.M. Yates et al. [36] is studied the effect of substrate temperature and 
a) 
f)  e) 
d) c) 
b) 
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thickness of copper oxide film growth by flame assisted CVD.  They have found that the 
film morphology highly dependent on substrate temperature. Increasing substrate 
temperature, the particles become larger and form a continuous film. Furthermore, when 
AFM was used to further investigate the film morphology, the deposition rate and 
thickness is increased as the increasing substrate temperature. Figure 2.3 and 2.4 show 
the SEM and AFM images of thin coper oxide films deposited by FACVD respectively.  
 
   
 
Figure 2.3: SEM of thin coper oxide films deposited by FACVD (a) 30 passes deposited at 
200 °C, (b) 30 passes deposited at 300 °C, (c) 30 passes deposited at 400 °C [36] 
 
 
  
 
Figure 2.4: AFM of thin coper oxide films deposited by FACVD (a) deposition at 200 °C, (b) 
deposition at 400 °C[36] 
 
 
 
 
 
 
 
 
20 
 
2.7  Overview of Deposition Technique (CVD)  
 
 
The thin film is a single or multiple layers of material which thickness range from 
fractions nanometer to few micrometers [11]. Today, the thin film has widely used the 
suit for many applications such as solar cells, the anti-reflecting coating on the lenses of 
spectacles and thin film batteries. For thin film technology, the deposition process is the 
most important part. The thin film deposition method can be classified into two 
categories: (1) chemical vapor deposition (CVD) or physical vapor deposition (PVD) in 
which depending on whether the deposition process is based on physical or chemical 
principle. In this project, CVD technique is used to deposit a thin film on the substrate. 
In general, volatile precursor molecules are delivered into the reaction zone and undergo 
series of reactions and form a layer of material on the substrate by CVD deposition 
method [11]. A series of a chemical reaction such as gas phase surface diffusion on the 
substrate surface is taking place to form to film in CVD. Henrik Pedersen et al. reported 
that majority of CVD processes can apply temperatures in range 200-2000°C and the 
carrier gas such as hydrogen, argon was often used.   
 
2.7.1  CVD Reaction during Film Growth 
 
 
Thin films can be deposited by CVD which involve chemical reaction and activated 
whether by heat, plasma or light. By using this technique, the thickness of films is 
uniform but the process is very complex due to its involved a series of chemical reaction 
and gas phase [37]. According to Ming Liu et al., the overall CVD reaction is illustrated 
in figure 2.2 and generalized in several steps listed as follows [38][37]: 
 
1) The reactants gaseous species or precursor are introduced into reactor; 
2) The gas species are activated by heating in reaction zone 
3) The reactant species is diffused through the boundary layer to the substrate 
surface in order to form intermediates. 
4) The reactants species or intermediates are adsorbed on the substrate surface. 
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5) The adsorbed species undergo surface chemical reaction or react with other 
incoming species leading to film formation. 
6) The reaction byproducts gaseous are desorbed from the substrate surface. 
7) The reaction byproduct is removed from the reactor (exhaust). 
 
 
Figure 2.5: The chemical reaction takes place inside the reaction chamber during CVD 
process[37] 
 
2.7.2  Advantages of CVD technique 
 
 
As comparing CVD techniques to other deposition techniques, CVD has numbers of 
advantages over other technique in terms of nanomaterials was reported by Bamadev 
Das. He reported that the advantages of using this method are simple and low 
temperature is required. Secondly, precursors such as solid, liquid and gas can be used. 
Thirdly, different types of the substrate can be used. Fourthly, the material can be grown 
in a variety of forms such as powder, thin or thick films. Lastly, CVD allows controlling 
parameters such as deposition temperature, pressure temperature, the gas flow rate on 
the growth process of material and thus to have desired structural, thickness, and 
composition of the material on the substrate. In this case, by using CVD to deposit the 
thin film at optimizing temperature can be controlled to produce a desired copper oxide 
thin film for gas sensor application. In addition, the composition of pure copper and 
copper dioxide will exist in the thin film depending on the deposition temperature.  
22 
 
Table 2.3 showed the comparison between varies of deposition technique to deposit 
copper oxide as a gas sensing material. 
 
 
Table 2.5: Comparison between varies of deposition technique to deposit copper oxide 
  
Deposition Technique Sensing material Type of gas detected 
 
References 
 
Reactive DC magnetron sputtering Copper (II) oxide Methanol and ethanol [8] 
RF magnetron sputtering Copper oxide Oxygen [39] 
Spray pyrolysis Copper oxide Ethanol [10] 
 
 
2.8  Gas sensing technology 
 
 
Sensing technology has been widely utilized for gas detection in a different application. 
A survey on gas sensing technology has been reported by Xiao Liu et al, they found that 
sensing technologies can be classified into two groups which are method based on 
varying of electrical and other properties [40]. One of the gas sensors based on electrical 
variation is a metal oxide semiconductor.  
In general, gas sensor can be classified into three groups: (1) optic; (2) 
Spectroscopic; (3) solid. Optical sensors are used to measure absorption spectra after the 
target gas has been stimulated by light spectroscopic. This type of sensors has higher 
sensitivity, stability and selectivity. However, the techniques such as chromatography 
and ultraviolet fluorescence used to analyses the gasses are very expensive. The most 
important of spectroscopic gas sensor systems is gas chromatography and mass 
spectrometry. This type of sensor is able to analysis on the molecular mass of target cell 
directly. In short, the optical and gas chromatograph sensor provide high sensitivity and 
selectivity on gasses but the challenges are difficult in miniaturization and very 
expensive for domestic use. On the other hand, the solid state gas sensor based on 
semiconductor material is the best candidate to commercialize for a wide range of 
application due to short response time, inexpensive, can be used to detect a wide range 
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of gasses as well as long lifetime [4]. The solid state sensor is classified into table 2.1 
below. 
 
 
Table 2.6: Classification of Solid-state gas sensors 
 
 
Type of sensor Gas sensor Principle of detection 
Solid state sensor 
Chemiresistive 
When the surface of the semiconductor is interacted 
with target gas, measure on the variation of 
conductivity. 
Calorimetric 
It used to detect combustible gasses by measuring 
the variation of heat from catalytic oxidation. 
Electrochemical 
 Potentiometric 
 Amperometric 
The working electrode’s potential must depend on 
the concentration of the analyses in the gas phase.  
The potential difference (voltage) is measured 
between the working electrode and the reference 
electrode. 
 
In this project, the chemiresistive gas sensor is focused. The sensitive mechanism 
is based on the variation of resistance due to undergo oxidation and reduction. 
R.Ramamooroty has been reported that TiO2 is the most widely investigated for oxygen 
sensing applications due to its n-type and have a wide range of oxygen partial pressure 
[41]. In this work, the CuO is chosen as a metal oxide semiconductor for sensing 
application due to its interesting properties. 
 
 
2.9  Performance of Gas Sensor 
 
 
Ethanol is the most important alcohol owing to its diverse applications. It is widely used 
in food industry, brewing process control, medical and clinical applications and bio-
medical techno- logical processes. Those working on ethanol synthesis have great 
chances of being victims of respiratory and digestive track cancer. Hence, there is a 
great demand for monitoring ethanol gas at trace level. Semi-conductor metal-oxide 
based gas sensors are commonly used for environmental monitoring and industrial 
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applications, due to their advantages such as small dimension, low cost and convenient 
operation [10]. The performance of gas sensors can be evaluated through the (1) 
sensitivity (2) selectivity (3) response time (4) energy consumption (5) fabrication cost.  
Sensitivity is a device can detect a minimum value of target gasses by the 
variation of gas sensing material under gas exposure. The ratio of sensitivity defined as 
the resistance of the sensing element in the target gas to that in air. There are several 
factors to affect the stability of sensing material which is structural change such as grain 
size, the thickness of the film, operating temperature, the presence of additives doped to 
the sensing material and material trigger by chemical reaction.  
The common methods for overcome the problem by controlling the operating 
temperature of a sensor in order to improve the sensitivity. By doping catalyst can 
reduce the operating temperature of the gas sensor. Consequently, the gas sensor is able 
to distinguished target gasses from other gasses. Furthermore, grain size and elemental 
composition should be optimizing in order to have a high sensitivity [40].  
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